We assessed the possible consequences of applying the National Institute of Health and Clinical Excellence (NICE) guidelines for imaging studies of children younger than 3 years with urinary tract infection (UTI) to clinical practice, in terms of altered diagnoses and treatment. Material and Methods In a retrospective cohort of 672 patients with UTI, we evaluated indications for and results of renal and bladder ultrasonography, voiding cystourethrography (VCUG), dimercaptosuccinic acid scintigraphy, UTI recurrence, antimicrobial prophylaxis (AMP), antireflux procedures, and other urological procedures. Results There were a total 125 patients with vesicoureteral reflux (VUR), of whom 59 patients (47%) would have been missed, had the NICE guidelines being applied. These included 20 of the 64 patients (31%) with dilating VUR and 13 of the 30 patients (43%) who underwent antireflux procedures. A VCUG would have been avoided in 184 patients (74%) with no VUR in VCUG. Conclusion Based on the results in this cohort of 672 patients, we cannot recommend the use of the NICE guidelines for imaging studies in children younger than 3 years with UTI.
Introduction
Urinary tract infections (UTIs) are common in young children: among infants presenting with fever, the overall prevalence of UTI is 7.0%. After the 1st year of life UTIs become less frequent. 1 In children younger than 3 years, recurrent, febrile UTIs, especially in the presence of vesicoureteral reflux (VUR) has been thought to lead to renal scarring and to contribute to the development of renal failure and hypertension later in life. [2] [3] [4] This has led to the extensive use of imaging studies in children with UTI, in an attempt to identify patients with abnormal urinary tract anatomy or VUR. For identifying VUR, voiding cystourethrography (VCUG) still remains the gold standard. VCUG, while effective for identifying patients with VUR, is not without disadvantages. It requires catheterizing the child and exposes the child to high doses of radiation, in addition to being a costly procedure.
Several guidelines have been presented regarding appropriate imaging strategies aiming at directing imaging studies to those patients who may benefit most from treatment. One of these guidelines has been issued by the National Institute of Health and Clinical Excellence (NICE). 5 Stringent following of the guidelines limits the use of VCUG significantly, even compared with other similar guidelines. [6] [7] [8] [9] [10] The NICE guidelines also restrict the use of renal and bladder ultrasonography (RBUS), which for decades has been a part of first-line investigations in any child with UTI. Some studies have been performed about the use of the NICE guidelines, [11] [12] [13] [14] [15] [16] but the studies have not been conclusive, and the results have differed considerably. The authors of this article published a preliminary analysis of this study in 2013 in which we stated that the NICE guidelines may be applicable to clinical use in boys younger than 6 months, but not in other groups. 12 This study evaluates a larger cohort to assess the applicability of the NICE guidelines for imaging studies in children younger than 3 years with a UTI, as compared with routine procedures at our institution (University Hospital of Turku), where over half of the patients underwent VCUG to identify VUR during the period under evaluation.
Material and Methods
The patient records of 672 patients treated for UTI in the University Hospital of Turku between January 1, 2000 and December 31, 2009 were reviewed. There were 292 boys (211 younger than 6 months, 81 older than 6 months but younger than 3 years), and 380 girls (117 younger than 6 months, 263 older than 6 months but younger than 3 years). Patients were excluded from the final analysis for the following reasons: (1) previously diagnosed urological abnormalities (e.g., hydronephrosis in antenatal ultrasound), (2) not undergoing RBUS, (3) having the imaging studies performed in another health care district, and (4) moving to another health care district before imaging studies at our institution.
All UTI diagnoses were reassessed by one of the authors (M. T. R.). The diagnosis of UTI was considered certain if there was bacterial growth of 100,000 CFU/mL in two urinary bag specimens or clean catch urine samples, or if there was any growth of a single uropathogen in a suprapubic aspiration sample. A blood C-reactive protein level of 40 mg/L or more and a fever of 38°C were the criteria for pyelonephritis (PN). Signs of renal inflammation in RBUS were also considered confirmation of a diagnosis of PN.
Antimicrobial treatment followed the routine procedures of our department, and the antibiotic drug of choice was determined according to the antibiogram of the uropathogen in each case. If a patient was started on antimicrobial treatment before the antibiogram was available, the drug of choice for PN was intravenous cefuroxime and for cystitis either a single intramuscular injection of ceftriaxone followed by oral antimicrobials, or only oral antimicrobials. Most patients with PN received intravenous cefuroxime for 3 days followed by oral antimicrobials after discharge from the hospital for a total treatment period of 10 days. The most common oral antimicrobials were trimethoprim-sulfamethoxazole, amoxicillin clavulanic acid, and cephalexine.
Data regarding the indications for RBUS and VCUG were recorded, the premise being that whenever a study was to be considered according to the NICE guidelines, it was to be performed.
All of the patients in our cohort underwent RBUS. If VUR was suspected, a VCUG was scheduled. If renal parenchymal damage was suspected, a dimercaptosuccinic acid (DMSA) scintigraphy was occasionally scheduled. Where urinary tract obstruction was suspected, a mercaptoacetyltriglycine renal scan was performed at the discretion of the responsible physician.
All patients' VUR was graded according to the criteria determined by the International Reflux Study in Children, 17 and the highest grade detected in all studies was recorded for this study. The common finding in nuclear VCUG (nVCUG), "VUR is reaching the level of the kidney" without reference to dilation, was determined as grade 2. However, data regarding dilation in RBUS were combined to the nVCUG finding to determine the grade of VUR as accurately as possible. If the patient had bilateral VUR, the higher grade of the two recordings was used for classifications.
The NICE guidelines were used to determine the indications for RBUS and VCUG and to define recurrent UTI and atypical UTI.
The mean follow-up time was 8.5 years (range 3.9-13.9 years). Data were gathered regarding UTI recurrence, use of antimicrobial prophylaxis (AMP), antireflux procedures, and other urological procedures and additional imaging studies. Data were analyzed as to what the consequences would have been, had the NICE guidelines being applied to clinical use in this cohort, with regard to "missed" diagnoses or treatment.
Statistical comparisons between any two groups were performed using a Fischer exact test: a p value of < 0.05 was considered statistically significant.
Results

Renal and Bladder Ultrasonography
Altogether 356 out of the 672 (53%) children with UTI had an indication for RBUS before undergoing imaging studies. The remaining 316 patients underwent RBUS without an indication. (►Table 1). Sixteen of the latter patients had an indication for RBUS later on during follow-up, after another episode of UTI.
All 672 patients underwent RBUS, and the result was abnormal in 142 (21%) of these, including 92 cases (14%) of renal and/or ureteral dilation (►Table 1). Of the 316 patients who underwent RBUS without an indication, the result was abnormal in 45 (14%), including 21 patients (6.6%) with dilation in RBUS (►Table 2).
Voiding Cystourethrography
In total, 165 patients (25%) had an indication for VCUG before undergoing one. A VCUG was performed in 129 of these patients. Total 243 patients underwent VCUG without an indication (►Table 1). Four of these patients fulfilled the indication criteria for VCUG later on during follow-up, after another episode of UTI. In the older age group, boys were more likely to have an indication for VCUG than girls (p ¼ 0.0026). There was no statistically significant difference in fulfilling the indication criteria for VCUG between boys and girls in the younger age group (p ¼ 0.1574). In both the gender groups, younger patients were more likely to fulfill the indication criteria for VCUG (p ¼ 0.0002 and p < 0.0001, respectively).
A total of 137 patients underwent only VCUG, 177 patients only nVCUG, 57 patients both. In addition, one patient underwent indirect radionuclide cystography. In total, 372 patients (55%) underwent some form of imaging study for identifying VUR (►Table 1).
VUR was found in 125 of the 372 patients (34%) who underwent VCUG. These included 64 patients (17%) with dilating (grades 3-5) VUR (►Table 1). Of the 243 patients who underwent VCUG without an indication, VUR was found in 59 patients (24%). These included 20 patients (8.2%) with dilating VUR (►Table 2). Patients with a NICE indication for VCUG were more likely have VUR (p < 0.0001) and highgrade VUR (p < 0.0001).
Since renal scans were performed only seldom (61 patients) in our department, and since the imaging modalities varied significantly, renal scans were excluded from this analysis. 
Antimicrobial Prophylaxis
AMP was prescribed to 110 of the 125 patients with VUR, 49 of whom had undergone VCUG without an indication. AMP was, however, prescribed quite liberally, and 49 of the 61 patients with only low-grade VUR received AMP.
Surgical Interventions
A total of 49 patients underwent some form of urological surgery. Endoscopic injection treatment was performed on 30 patients, 13 of whom did not have an indication for VCUG. However, two of these patients had only low-grade VUR. Ureteroneocystostomy was performed on five patients, one of whom did not have an indication for any imaging studies. A nephrectomy was performed on two patients-both had abnormal RBUS findings and no indication for any imaging studies. Hydronephrosis in RBUS led to seven patients undergoing pelveoplasty for obstruction of the ureteropelvic junction. Of these patients, one had no indication for any imaging studies. Ureterocele was surgically treated in three patients, all of whom were diagnosed by RBUS for which they had an indication. A posterior urethral valve was endoscopically ablated after a RBUS showing dilation of the urinary tract led to further investigations. Both patients had a positive indication for RBUS. A nephrostomy was performed due to a renal empyema that was diagnosed by RBUS for which the patient had a positive indication. A circumcision was performed on one patient with the poor urine flow due to phimosis (►Tables 1 and 2).
Discussion
If the NICE guidelines for imaging studies had been stringently applied to this cohort of 672 children, VUR would have been missed in 59 patients, and this figure included no less than 20 of a total of 64 patients with high-grade VUR, that is, 31% of patients with dilating VUR would have been missed. In addition, 17 patients would not have undergone surgery. Tse et al 14 reported that in a cohort of 134 patients younger than 6 months, 25 refluxing ureters and 22 scarred kidneys would not have been found, if the NICE guidelines had been applied. Moreover, in accordance with our results, Lytzen et al 16 stated that in a cohort of 96 patients, 5 of the 9 patients with VUR would have been missed, had the NICE guidelines been applied. In our previous article on the preliminary analyses of a subpopulation of this cohort, we reported that the NICE guidelines were adequate only in boys younger than 6 months. In support of the use of the NICE guidelines, Wong et al 15 found in a large cohort of 820 patients, that the NICE guidelines had quite a high sensitivity, and 21 patients (2.6%) with remediable urological abnormalities would have been missed. They also suggested revising the guidelines slightly, so as to make indications for imaging studies of boys less stringent. Jose and Sharif 11 found that in a cohort of 48 patients aged 0 to 15 years, missing 1 patient with grade 3 VUR was the only significant consequence of applying the NICE guidelines. Schroeder et al 13 stated that following the NICE guidelines in a prospective cohort resulted in decreased rates of VCUG and AMP, while detection rates of grades 4 to 5 VUR and of UTI recurrence were largely unaffected.
If the goal is to reduce the amount of unnecessary imaging studies, the diagnostic accuracy of UTI and determining the level of infection is of utmost importance. In the cohort examined in this article there were 130 patients who were erroneously diagnosed with PN, although the diagnostic criteria were not met, and 37 patients who were diagnosed with cystitis, although the diagnostic criteria for PN were met.
Prenatal ultrasonography (US) screening for fetal anomalies is performed between 18 and 21 weeks of pregnancy both in the United Kingdom and in Finland. Although the detection of hydronephrosis in prenatal US significantly reduces the number of patients that are diagnosed with hydronephrosis for the first time after a UTI, there was a substantial number of patients (92 patients, 14%) in our cohort with UTI and dilation in RBUS, who had previously undergone an antenatal US with normal results. We cannot, however, rule out the possibility that there might be differences in the sensitivity of detecting prenatal hydronephrosis by US between the United Kingdom and Finland. Naturally, the higher the quality is of prenatal US screening and the sensitivity for detecting prenatal hydronephrosis, the smaller the need is to perform RBUS after a UTI in infants and small children. There is, however, a small population of children, who develop hydronephrosis after birth, in whom there is a need for RBUS after a UTI, despite a normal prenatal US. RBUS is a well-tolerated imaging study that can be performed during initial hospitalization. Lee et al 18 found RBUS results to be abnormal in 86% of patients with high-grade VUR. In our cohort, 51 of the 125 patients (41%) with VUR, and 44 of the 64 patients (69%) with highgrade VUR had an abnormal US after a UTI.
There is little evidence that recurrent UTIs or renal scarring in children lead to chronic kidney disease later in life in structurally healthy kidneys. 19 Children with underlying anatomical abnormalities, however, are susceptible to these changes. 4 Bearing this in mind, together with the fact that a large proportion (21%) of children with normal antenatal RBUSs had an abnormal finding after a UTI, we strongly encourage performing RBUS routinely in all children with a first UTI.
If RBUS had been performed on all patients, and VCUG on all patients with abnormal RBUS findings, 12 of the 20 "missed" patients with dilating VUR would have been identified. Of the remaining eight patients, one patient had recurrent UTIs after endoscopic injection treatment, one had recurrent UTIs while taking AMP. Of the other six patients, five were diagnosed with a first UTI very early in life, before the age of 3 months. The remaining one patient was diagnosed with a first UTI (PN) at the age of 25 months and had no atypical features or recurrent UTIs. In other words, it is possible to determine those at risk for high-grade VUR quite well, but the dilemma remains: How many unnecessary imaging studies are justified to find one patient with highgrade VUR, and for whom is high-grade VUR a significant finding?
If the strategy of performing RBUS on all UTI patients, and VCUG on all patients with abnormal RBUS findings or atypical or recurrent UTIs (as defined by NICE) were applied in our cohort of 672 patients, all 272 patients who underwent a RBUS without a NICE indication and with normal RBUS findings would have undergone RBUS. Of the 243 patients who underwent VCUG without a NICE indication, 80 would have undergone VCUG. This would have resulted in 25 more patients with VUR, including 14 with dilating VUR, being identified; only 34 patients with VUR, including 6 with dilating VUR, would have been missed.
Recently, alternative imaging strategies have been proposed. One of these is the so-called "top-down" approach, whereby DMSA scan is the first-line imaging study after a UTI, and VCUG is performed only if the DMSA result is abnormal. Preda et al 20 found that in a cohort of 290 patients, only 1 patient with dilating VUR would have been missed by taking this approach. In a study by Tseng et al, 21 DMSA had a sensitivity of 88% for identifying patients with VUR, and 100% in identifying patients with high-grade VUR. In a cohort of 220 patients, combining US and DMSA results had a sensitivity of 95.3% in identifying patients with high-grade VUR. 18 This strategy is supported by the rationale that VUR is most significant in patients who have other concurrent urological anomalies.
The effectiveness of AMP has been questioned. According to a prospective study AMP may reduce the rate of febrile UTI recurrences and new renal damage in girls, but boys benefit from neither treatment. 22 Another review found that AMP has no significant effect on the incidence of febrile or symptomatic UTI, but may reduce the rate of new renal damage as assessed by DMSA scanning. 23 As of yet, AMP has not conclusively been found to be ineffective. The problem may very well be one of compliance, owing to poor tolerance of antimicrobial drugs and unwillingness to commit to such a disciplined drug regimen in general.
The prospective study by Brandström et al 22 showed that endoscopic injection treatment reduces the rate of febrile UTIs in girls, but not in boys. A meta-analysis of 5,527 patients 24 arrived at an aggregate success rate of 85% of one or more injections. The rate of febrile UTI recurrence was 0.75%.
Garin et al 25 stated that patients with grades 1 to 3 VUR are not at greater risk of recurrent UTI, than those without VUR, and that AMP provides no statistically significant reduction in the rate of UTI recurrence or new renal scarring in patients with or without grades 1 to 3 VUR. Recently, consensus has shifted more toward the notion that low-grade VUR is indeed a benign condition that requires no treatment or follow-up. Some pediatric urologists consider even high-grade VUR to be inconsequential. 26 This is supported by the findings of Moorthy et al 27 and Gordon et al, 28 according to whom VUR does not predict a higher risk for renal damage following UTI. The occurrence of VUR in urologically healthy children has not been conclusively evaluated since a historical survey 50 years ago, 29 due to ethical issues regarding performing a VCUG in healthy children. This is a retrospective study, and as such has certain caveats. The diagnostic reliability may be questionable in some cases. Suprapubic aspiration was frequently unsuccessfully attempted, leaving no other choice than to base the diagnosis on urinary bag specimens or clean voided samples, when possible. Blood work was inconsistent. Bacterial cultures of blood were seldom performed in infants in clinically good condition. Blood creatinine was also measured in only a part of patients. If blood work had been more uniform, more patients might have had a NICE indication for imaging. DMSA scintigraphy was performed on very few patients, and thus cannot be reliably assessed. Performing a DMSA scan to more patients might have spiked an interest in VCUG for more patients, as well. VCUG was performed in only 372 patients, 194 of whom underwent standard VCUG; thus the grading of VUR may not be entirely reliable in all cases.
Till this day, the optimal imaging algorithm for children with UTI remains unclear. A large prospective study is required to determine the most effective schedule for imaging. There is a need for further discussions on the pertinence of the NICE guidelines with regard to imaging studies in pediatric patients with UTI.
Conclusion
This study shows that the NICE guidelines cannot, as such, be recommended for imaging studies in children younger than 3 years with UTI. If the NICE guidelines had been stringently applied in our cohort of 672 patients, VUR would have been missed in 59 patients (47%), including 20 (31%) with highgrade VUR and 17 patients would not have undergone surgery that was considered necessary for the maintenance of good health into adulthood.
